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WM,^ vxxyj j^uxj^woo Awj. wuivu mo m« ui ontj in- 
vention has been evolved is to compress the 
charge and heat it to elevated temperature 
simultaneously, so that the object of the in- 
vention is also to provide a die which can suc- 
cessfuly be applied to this end. 

The production of dies wliich are capable of 
imposing on tlie material charged into them 
high pressures of the order of 60,000 atmos- 
pheres and above presents no great technical 
difficulties. Indeed, in laboratory equipment 
pressures up to 80,000 atmospheres have been 
acliieyed. Similarly, there is no difficulty in 
bringing material to elevated temperature, 
say up to 1800° C. and this can readily be 
achieved while the material is kept under 
nioderate pressure. Where, however, grave 
difficulties do arise is when material is to be 
heated to these temperatures and simul- 



xne aexauea construction ol tne prelerred 
form of the die \vill best be understood if it be 
described with reference to the accompanying 
drawmgs. In these drawings : 
Figure 1 is a vertical section ; 70 
Figure 2 is a section of the pressure zone on 
an enlarged scale ; 

Figure 3 is a section through the assembly 
within the pressure chamber ; 
Figure 4 is a modification of Figure 3 ; 75 
Figure 6 is a detail view of another form of 
charge ; 

Figure 6 is a detail view of a modification of 

the arrangement of Figure 5 ; and 
Figure 7 is a detail view of a modified core. 80 
In the drawings, the core is a ring 10 which 

is cylindrical and dished on both its faces. 

The anvils 12, 14 are also cylindrical and are 

formed with opposed frusto-conical or -con- 
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A New High-Pressttre Die. 



We, Jan Frans HusiTRi Cfstbrs, a Subject 
of the Queen of the Netherlands, of 18 Finger 
Street, Cyrildene, Johannesburg, South 
Africa, Henry Brooke Dyer, a Citizeu of 
6 the Union of South Africa, of 1504 George 
Street, Bryanston, Johannesburg, South 
Africa, Bernard Wilfred Senior, a British 
Subject, of 1927 Devonshire Avenue, Bryan- 
ston, Johannesburg, South Africa, and Peter 

10 Theo Wedepohl, a Citizen of the Union of 
South Africa, of 4 Boseneath Mansions, 
HiUbrow, Johannesburgh, South Africa, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 

15 the method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement : — 

The object of the present invention is to 
provide a die capable of exerting pressure on 

20 material enclosed within its pressure chamber 
of the order of say 50,000 atmospheres and 
above. While it is not excluded that the 
die be used to compress the material in the 
cold, the purpose for which the die of the in- 

25 vention has been evolved is to compress the 
charge and heat it to elevated temperature 
shnultaneously, so that the object of the in- 
vention is also to provide a die which can sue- 
cessfuly be apphed to this end. 

30 The production of dies which are capable of 
imposing on the material charged into them 
high pressures of the order of 50,000 atmos- 
pheres and above presents no great technical 
difficulties. Indeed, in laboratory equipment 

36 pressures up to 80,000 atmospheres have been 
achieved. Similarly, there is no diificulty in 
bringing material to elevated temperature, 
say up to 1800° G. and this can readily be 
achieved while the material, is kept under 

40 moderate pressure. Where, however, grave 
difficulties do arise is when material is to be 
heated to these temperatures and simul- 



taneously maintained under high pressure of 
say 80,000 atmospheres. 

In its broadest aspect the die of the inven- 45 
tion consists in an annular core with a 
dished fece, an anvil having a frusto-conical 
or -conoidal peak thatis accommodated within 
the dishing of the core, is separated from the 
core by empty space, and occludes the adja- 50 
cent end of the cavity in the core ; means 
occluding the other end of the cavity ; and a 
hollow body within the cavity that, with the 
anvil and the means occluding the other end 
of the cavity in the core, forms a pressure 65 
chamber, the body being made of a refractory 
material characterized by low compressive 
strength and high internal friction. 

In the preferred form, the die has two 
peaked anvils accommodated within a core 60 
dished at opposite faces. 

The core ma3'' have a central insert of 
expandable material characterized by iiigh 
resistance to compressive forces ; or it may be 
integral. 55 

The detailed construction of the preferred 
form of the die will best be understood if it be 
described with reference to the accompanying 
drawings. In these drawings : 

Figure 1 is a vertical section ; 70 

Figure 2 is a section of the pressure zone on 
an enlarged scale ; 

Figure 3 is a section through the assembly 
within the pressure chamber ; 

Figure 4 is a modification of Figure 3 ; 75 

Figure 5 is a detail view of another form of 
charge ; 

Figure 6 is a detail view of a modification of 

the arrangement of Figure 5 ; and 
Figure 7 is a detail view of a modified core. 80 
In the drawings, the core is a ting 10 which 

is cylindrical and dished on both its faces. 

The anvils 12, 14 are also cylindrical and are 

formed with opposed frnisto-conioal or -con- 
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mihm the d^eS^s'ia-Jiie ring 10 that 
separates the anvils, so that tte"5SCVi:^^fJihe 
ring is closed off by the flattened ends of the 
5 peaks to define a pressure chamber 20. The 
comers of the ring directed towards the 
chamber 20 are radiused, while the comers 22 
of the peaks are sharp. 
The included angle of the peaks may be 
10 somewhat less than the angularity of the 
dishing of the ring, so that the opposed faces 
24, 26 and 28, 30 of the ring and the anvils 
diverge outwardly at an an^ of about two 
degrees; or ihe opposed feces may be 

16 parallel. x- iL. 

The T?ng and the anvils are made of reficao- 
tory material such as cemented hard-metal. 
The properties of the hard-metal are selected 
to give iTia-Tn'Timnn compressive stren^h to the 

20 anvils and good compressive strength allied 
with high tensile resistance to the ring. For 
the anvils a fme to medium grained tungsten 
carbide with a low content of cobalt may be 
used. For the ring, a medium to coarse 

25 grained tungsten caxbide witb medium cobalt 
content is suitable. 

The ring 10 is buttressed against bursiang 
forces by a ring or rings of high-tensile, 
steel- In the drawings, three rings, 32. 34 

30 36 are shown. These are shrunk or forced- 
fitted on to the ring 10. The anvils are but- 
tressed each by a ring 38 or 40 of high tensile 
steel, also fi>»-rnT^lr or foroe-fitted on to the 
anvils. 

35 if it be required that the die be liquid- 
cooled, then there are additional rings 42, 
44, 46 around the two anvils and the ring 10 
respectively. Between the ring lOandeachanvil 
there are located two rubber or rubber-like 

40 toroidal rings 48, 50 ; 52, 54 that provide be- 
tween them atmular spaces 56, 68. Each 
pair of totoidal rings 48, 50 ; 52, 54 may be 
mounted on a thin annular plate 60, 62 to 
assist in locating the toroidal rings within the 

45 assembly. 

Fluid is injected into the spaces 56, 58 
through dog-legged ducts 64, 66 in the rings 
42, 44, and withdrawn through similar ducts 
(38, 70 diametrically opposed to the ducts 64, 

50 66. 

The assembly is held together gravita- 
tionally with the ring 10 and its surrounding 
supportmg rings spaced from the anvils and 
their supporting rings, (and with the oppc^ed 

65 flat, transverse faces parallel) by the toroidal 
rings 48, 50, 52, 54. If the die need not be 
liquid cooled, only one toroidal ring, to act 
as a spacer, vnll be necessary between the 

10 and each anviL In this case the 
60 outer rings 42, 44, 46 are unnecessary. 

In a modified form of core (Figure 7) the 
central part is constituted by an insert form- 
ation 72 of refireuotory material, a sintered 
alumroium oxide, lie material must be 

66 characterized by high resistance to compres- 



sive forces. The advantage of this construc- 
tion is that after use the insert, which will in- 
evitably suffer damage, can be removed and 
replaced by a fresh insert. The outer part of 
the core is little likely to suffer serious 70 
damage, at least during several uses, and can 
therefore be reused, thereby economizing on 
cost. 

la the operation of the die, the pressure 
chamber 20 is filled with a soft, compressible, 75 
porous, thermally and electrically insulating 
body 74, possessing low compressive strength 
and high frictional properties, and hollowed 
at 76 to receive the charge 77 (Figure 2). A 
suitable material is the natural stone known 80 
as pyrophyllite or wonderstone. The quan- 
tity of this material is specific and highly 
critical and small variations in this quantity 
give rise to different pressures in. the chamber 
20 with respect to a given load between the 85 
anvils 12, 14. The initial shape of the body 
has been shown to affect the recorded pres- 
sure with relation to load only slightly and 
many shapes are possible to suit particular 
circumstances. A cylinder with an indented 90 
periphery 78 (Fig. 3) has been found com- 
pletely satisfactory. 

Tn operation the assembly, with a charge 
within the pressure chamber 20, is placed be- 
tween the platens of apress and load is exerted 95 
through the anvils 12, 14 on to the charge 
in the chamber 20. Accurate alignment of 
the anvil and ring 10 and its su];^orting rings 
is necessary. Circumferential alignment may 
be obtained by the use of a straight-edge 100 
along the periphery of the assembly, or by a" 
damp or flexible belt embracing the whole .._ 
assembly. Horizontal paraQeli^ is looked 
affcer by the rings 48, 50 ; 52, 54. 

On applying pressure, the body 74 is com- 106 
pressed (Figure 2), and as the pressure in- 
creases the material tends to flow into the gaps 
80, 82 between the anvils and the die ring 10. 
As the pressure further increases, these gaps 
are reduced more and more by the inward 110 
movement of the anvil faces in consequence 
of which the body 74 and the charge in the 
chamber 20 become compressed more and 
more. The outward flow of material through 
the gaps 80, 82 is inhibited by friction on the 115 
die and anvfl faces. The conformation of 
eadi gap 80, 82 is such that the gap progres- 
sively narrows in the outward direction, to- 
wards the throats 84, 86, which apart from the 
closing movement of the die, itself inhibits ex- 120* 
trusion of the material of the body into the 
gaps 80, 82. 

Thus, the body 74 itself provides a barrier 
that is sufficient to contain the mounting pres- 
sures without the necessity for washers, seals 125 
or gaskets between the adjacent surfaces of 
the core and the anvils. 

Further assistance may be given by coating 
the operative faces of the anvil and the ring 
10 with a hi^h friction abrasive material such 130 
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as jeweUor s rouge. Also the material of the 
body 74 may be impregnated with a sus- 
pension of rouge to increase the friction. 
By suitable design of the shape of the anrils 
6 12, 14 and the ring 10 a flow of the matorial 
of the body 74 may be obtained wliick is 
compatible with the maintaining of a parti- 
cular internal pressure within the pressure 
chamber. With the particular die coafigur- 
10 ation shown in Figures 1 and 2 pressures of 
70,000 atmospheres may be maintained by 
extrusion of material into the gap SO of about 
0.020' by 0.75" mean diameter, measured 
normal to the opposed faces defining the gaps. 
15 So much for the production of pi-essure 
within the pressure chamber 20. The matter 
of heatirjg will now be considered. 

Heat is imparted to the charge within the 
pressure chamber by electrical current flow 
20 through a resistance element. 

It is here necessary to consider the nature 
of the charge. If it be an electrical conduc- 
tor, as it is assumed to be in Figures 2, 6 and 
6, then the charge is itself the resistance ele- 
-25 ment. Electrical current is fed along a path 
comprising the anvils 12, 14 and the char^^e. 
In Figures 2, 6 and 6, the path includes also 
two steel rings 88, 90 interposed between the 
anvils and the charge 77 and non-conductive 
•30 plugs 92, 94 within the cavities of the rings 
88, 90. The purpose of these rings is to 
prevent direct contact between the charge and 
the faces of the anvils, to prevent damage to 
them by the compressed and heated charge. 
35 The plugs 92, 94 may be of pyrophyllite. 

In Figure 6, the rmgs 88, 90 are formed 
lateral flanges 96, against which the anvils 



If, on the contrary, the charge be a non- 
40 conductor or a poor conductor of electricity, 
as is contemplated in Figures 3 and 4, then 
the circuit must be completed by a resistance 
element other than the charge. Jn Figure 3 
this element is shown as a tube 100. It is 
45 located within the cavity of the body 74. 
The most suitable materials for the tube 100 
are tungsten, molybdenum or graphite but 
other metals or electrically conducting non- 
metals may be used. The ends of the heat- 
50 ing tube 100 are sealed by electrically con- 
ducting pads 102 making good electrical con- 
tact with the anvil faces and giving a rela- 
tively low resistance and therefore low heat 
dissipation at the anvil surfeces. The pads 
56 102 may be of the same material as the tube 
100 and graphite is generally preferred for 
both because of its convenience fer machining 
to shape. The faces of the anvils may be 
covered with metal shims 104 to improve elec- 
60 trical contact and to prevent diffusion of the 
material of the heating tube 100 and end 
pads 102 into the refractory carbide of 
the anvils, thus impairing theu* mech- 
anical properties. This has been found 
65 to be particulady important where a graphite 



heating tube and end pads are used. 

Inside the conducting pads 102 may be 
fitted insulating pads 108 either for the pur. 
pose of inhibiting axial heat flow which 
would mechanically weaken the anvil faces, 70 
or for the purpose of shielding the charge from 
the electric current. Also an inner tube 108 
of electrically insulating material may be 
used. Both the pads 106 and the tube 108 
serve the additional purpose of separating the 75 
charge 77 in the pressure chamber 20 defined 
by the pads 106 and the tube 108 from the 
material of the heating tube 100 and end pads 
102 in cases where it would react chemically 
with them or diffuse through them. Suitable 80 
materials for the pads 106 and the tube 108 
are refractory oxides such as alumina, zir- 
conia and silica in fused or crystalline form or 
mineral insulators such as wonderstone. 

The heating current is passed through the 85 
anvils 12 and 14 via the pads 102 and the 
tube 100. The resistance of the tube 100 is 
much greater than that of the anvils and 
other parts of the electrical path, causing the 
major part of the heat to be generated in the 90 
pressure chamber 20. Where an internal 
axial temperature gradient is required, this 
may be procured by using a heating tube 
which has a continuously or discontinuously 
varying cross-sectional area. 93 

The heating tube 100 may be replaced by 
one or more rods 110, as shown in Figure 4, 
which function in the same way as the tube 
and may be of the same material. 

As a general comment, it may be said that 100 
the body 74 could consist in an outer part 
of high-friction material such as pyrophyllite 
to minimize extrusion into the gaps between 
the anvils and the core, and an inner part of 
material such as talc or silver chloride mcap- 105 
able of supporting high shear stress. This 
could assist in minimizing pressure gradients 
within the oharge. 

In the case of a conductive or a noii-con- 
duotive charge, altematmg or direct current 110 
may be used. 

Given an assembly in which the body 74 is 
of the order of 12mm in diameter, the appar- 
atus described has been found to be capable of 
generating pressures within the pressure 115 
chamber of the order of 80,000 atmospheres, 
while the oharge is subjected to temperatures 
of the order of 2000** C. 

WHAT WE CLAIM IS :~ 

1. A high pressure die consisting in an 120 
annular core with a dished face, an anvil 
having a frusto-conical or -conoidal peak 
that is accommodated within the dishing of 
the core, is separated from the core by empty 
space, and occludes the adjacent end of the 125 
cavity in the core ; means occluding the other 
end of the cavity ; and a hollow body within 
the cavity that, with the anvil and the means 
occludmg the other end of the cavity in the 
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core, forms a pressure chamber, the body be- 
ing made, of a refractory material charac- 
terized by law compressive strength and high 
internal friction. 
5 2. The die of Claim 1 in which -flie core is 
dished on both faces and the means occluding 
the other end of the cavily consists in a se- 
cond anvil identical with the first anvil. 

3. The die of Caadm 1 or Claim 2 in which 
10 the gap between ibe core aad the or each 

azLvil diverges outwardly. 

4. The of Claim 3 in which the extent 

- of divergence is abont two degrees. 

5. The die of any of the above claims in- 
15 clnding a metal shim covering the or each 

anvil in the zone of the cavity of the core. 

6. The die of any of the above claims in 
which the or each anvil and the core are smr- 
ronnded by flat anoulac buttressing rings in a 

20 plane perpendicular to the principal axis 
of the coroi the rings being separated by de- 
fbrmable spacing elements, 
- 7. The die of Claim 6 in which the ele- 
ments are toroidal rings between each pair of 
25* axmular rings. 

8. The die of Claim 7 in which the ring IS 
of an elastic material such as rubber. 

9i The. die of any of the above claims in 
. which the body that is hollowed to define 1^ 
30 pressure chamber is made of pyrophyllite. 

10. The die of any of the above claims in 
which the radially inner part of the core adja- 
cent to the body is constituted by aaiinserted 
element of refractory material. 
'35 11/ The die of any of the above daims 
including a charge enclosed within the pres- 
sure chamber, and means for eleotridally 
heatmg the charge. 

12. The die of Claim 11 in which the 
40 charge is electrically conductive, and includ- 
ing conductive spacing means between the or 
each anviL and the. charge. 



13. The die of Claim 11 as dependent on 
Claim 2 in which resistance heating means 
associated with the charge is arranged be- 45- 
tweai the anvils. 

14. The die of Claim 13 in which the 
resistance heating means is a resistance 
element in the form of a tube containing the 
charge. ^ 

15 . The die of Claim 13 in which the resis- 
tance heating means is a rod embedded in 
the charge. ^ 

16. The die of any of the above Clanns 6 

to 8 comprising buttressing rings for the core 56- 
and the or each anvil defining between them 
and with the deformable elements a space or 
spaces, and means to flow cooliog fluid 
throug;h the space or spaces. 

17. The die of Claim 16 including ducts .60; 
in the buttressing rings to lead cooling fluid 
into and out of the space or spaces. 

18. A high-pressure die substantially as 
herein described with reference to Eigore 1 

of the accompanying drawings. 65 

19. A high-pressure die substantially as 
herein described with reference to Figure 3 of 
the accompanying drawings. 

20. A high-pressure die substantially as 
herein described witihLrejference to Figure 4 of 70^ 



21. A high-pressure die substantially as 
herein described with reference to Figure 5 
of the accompanying drawings. 

22. A high-pressure die substantially as 75 
herein described witibt reference to Figure 6 of 
the accompanying drawings. 

23. A high-pressure die substantMly as 
herein described with reference to Figure 7 
of the accompanying drawings. 

MA-R.TCS & GLEEK, 
Chartered Patent ^ents, 
Agents for the Applicants. 
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